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INTRODUCTION 

The first terminology list in the area of the theory of relay devices was 
prepared and published in the USSR in 1950 (ref. 1) and in a somewhat revised 
form was published in the Collection of Recommended Terms in 1953 (ref. 2). 
This list was developed with application to the relay switching technology 
which was most widely used at that time. 

During the succeeding ten years both the theory itself and the technology 
of the relay devices have received significant development. 
contact-type relay elements, there has been widespread introduction of the 
contactless elements. There has been considerable development of the methods 
of synthesis by means of the so-called "abstract" stage in which the relay 
device is considered, independently of the type of relay elements from which 
it will be constructed, in the form of some mathematical model characterized 
by sequences of input and output actions and also by the number and sequences 
of change of internal states of the device. In application to the consideration 
of such models there arose a series of theories--the theory of finite automata, 
the theory of abstract neural networks, the theory of logic networks, etc.-- 
many representations and concepts of which were found to be very useful for 
the development of the theory of relay devices. 

Along with the 

All this required a significant reconsideration of both the assemblage 
Here, in addition to the of concepts and of the terms used in this theory. 

introduction of numerous terms which reflect the concepts of the forementioned 
stage of the abstract synthesis, it was necessary to generalize the previously 
existing concepts for the two-position contacting relay devices to the relay 
devices using contactless, multiposition, etc., elements. 

This defined an essentially different approach to the construction of the 
system of concepts as a whole. 
basic term which defines the class of devices pertaining to the term relay. 
At the basis of the terminology of 1950 and 1953 there had been the concept of 
the contacting relay circuit as "an electrical circuit with relay action in 
which the change of the parameter is accomplished by means of the closing and 
opening of electrical contacts and in which electrical relays are present as 
the elements," and the concept of the contacting relay diagram as "a graphical 
representation of a relay circuit or system." 

First of all there arose the question of the 

From the point of view of the contemporary development of relay technol- 
ogy, in particular in connection with the wide application of contactless relay 
elements, this definition is limited and does not embrace the entire diversity 



. 
of the relay devices which are considered in the modern theory of these devices. 
Therefore, as the basis of the proposed terminology list there have been estab- 
lished the concepts: 
ponents and connections between them which possesses the relay characteristic," 
and of the relay device as "a collection of mutually interacting elements in 
which the actions on any output can take only a finite number of fixed values." 

of the relay element as "the minimal collection of com- 

The common specific property of such a class of devices is that they con- 
sist of a finite number of interconnected elements, each of which takes on a 
finite number of states. For the elements used to make up such devices various 
terms have been used, for example, "cells" (ref. 3), "abstract neurons'' (ref. 
4), "elements of the logic network" (ref. ?), "elementary components" (ref. 6) 
and so on. A l l  these terms are related to the mathematical models in which 
various limitations are used, leading to an idealization of the real devices, 
o r  to the consideration of only definite subclasses of these devices. In 
numerous cases the models considered are of devices which consist only of ele- 
ments of one class with respect to the functions they perform (for example, of 
elements with a given triggering threshold or of elements which perform instan- 
taneous logic transformations, and also of delay elements), or which change 
their state only at instants of time having integral values, and so on. In 
other cases the considered models of the devices have limitations in the nature 
or the number of the connections between elements, etc. 

Actual relay devices make extensive use of the most varied elements. 
Therefore, for the term which characterizes these elements it is not advisable 
to use any word which reflects the above-mentioned limitations. 

With respect to real devices it is also inadvisable to use numerous terms 
used in the literature which relate to the devices under consideration as a 
whole, such, for example, as: "finite automat" (refs. 3, 6. 8), "digital auto- 
mat" (ref. 7 ) ,  "sequential machine'' (ref. s), "logic network" (ref 6), and so 
on, since they relate basically to the mathematical models of the class of 
devices in question. In addition, these terms are not very good choices insofar 
as the connotation value of the root terms appearing in them. 

Thus, for example, in the terms "finite automat" and "digital automat" there 
appears the root term "automat." 
tion refers, as a rule, to devices operating without the direct participation 
of man (refs. 9, 10, ll), while in the class of devices in question in numerous 
cases human participation during functioning of the device is mandatory (tele- 
mechanical relay devices, relay devices used in communication, etc. ) . 

This term in the generally accepted connota- 

The term "sequential machine" does not reflect the entire gamut of the 
relay devices since it relates only to the multicyclic devices in which there 
is provided a definite sequence of change of their states as a function of time. 
The root term "machine," although it has gained a broadened connotation re- 
cently ( "computing machine, '' "logic machine, '' "controlling machine"), basically, 
however, refers to plants which perform the processing of materials or the 
transformation of energy. 

The basic terms "relay element" and "relay device" adopted in the present 
terminology list are broader and more accurately reflect the entire gamut of 
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the existing relay devices and the elements used therein. They also have a 
definite advantage associated with the terms that are widely used in practice: 
''relay, ' I  "relay equipment, ' I  "relay action, ' I  and so on. Relay devices are fre- 
quently used as control devices in the current technology of automatic control. 
In this sense the root term "device" corresponds to the basic definitions relat- 
ing to the automatic control devices and the automatic systems which have been 
accepted in the terminology of the basic concepts of automation (ref. 9). 

The basic apparatus of the theory of relay devices is mathematical logic. 
In order not to burden the terminology list with the well-known definitions of 
mathematical terms, the latter are presented in a special appendix. 

The large volume of existing terms encountered in the literature on the 
theory of relay devices has forced the authors of the present draft of the 
terminology list to limit themselves to the inclusion in this list of only those 
terms relating to the basic concepts, eliminating numerous secondary terms which 
are characteristic of individual classes of relay devices or which are utilized 
in various particular methods of synthesis and analysis of these devices. 

Definite difficulties in the development of the terminology list arose in 
connection with the necessity for the generalization of numerous basic terms 
and definitions to the contacting and contactless devices (including nonelec- 
trical) constructed using elements having significantly different structural 
properties and parameters. In order to overcome these difficulties there were 
introduced the concepts of the "conducting"and "nonconducting" states of the 
circuits of the structure of the relay devices, which are a generalization of 
the concepts of the trclosed't and "open" states widely accepted in application 
to the contacting circuits. The concept of the "state" of a circuit is defined 
in terms of fixed values (with respect to the relay characteristic) of conductiv- 
ity or other parameter, which makes it possible to relate this concept to both 
the contacting and contactless circuits and elements. 

Certain difficulties also arose in the development of the generalized terms 
relating to the two-valued and multivalued relay elements. 

The characteristics of the multivalued relay elements are reflected in the 
proposed draft of the terminology list by means of the introduction of the term 
"multiposition relay element" and by the indication of the specific properties 
of these elements in the notes to the corresponding definitions concerned with 
the states of the elements, circuits, relay devices as a whole, etc. 

An essential difference is drawn in the terminology list between the struc- 
tural and functional properties of the relay devices and the conditions of their 
operation. 

All the terms relating to the structural properties of the relay devices 
are defined from the representations of an actual existing relay device in which 
the connections, circuit components and so on are actual existing objects. 'The 
terms relating to the functional properties of the relay devices are defined on 
the basis of the representation of the device in the form of a model whose ele- 
ments are the links or blocks corresponding to some elementary function or to a 
structurally defined portion of a device which performs a definite, not 
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. 
necessarily elementary, function. At the basis of the definitions of the major- 
ity of these terms there are established the concepts of the mathematical func- 
tions expressing the relationship between the states (or sequences of states) of 
the inputs and outputs, describing the transitions of the device from one state 
to another, and so on. A l l  these definitions can refer both to an actual exist- 
ing relay device having a definite structure and to some mathematical model of 
the device to which there might correspond various structures. 

In contrast to this, the terms and definitions relating to the synthesis 
of the relay devices originate from the concepts of the functions which the 
device must perform and on the basis of which it is created from the beginning 
in the form of a mathematical model and then in the form of a control structure. 

For convenience of use the terms and definitions are divided into groups 
relating to: 

(1) relay elements; 

(2) the general characteristics of relay devices; 

(3) the structure of the relay device; 

(4) its functional properties, and 
1 

(5) the analysis and synthesis of relay devices. 

This division, naturally, is somewhat arbitrary. 

The initial draft of the terminology list was compiled by Doctor of Tech- 
nical Sciences, M. A .  Gavrilov. It was reviewed and revised by a commission of 
the committee on technical terminology of the USSR National Committee on Auto- 
matic Control. The composition of the commission was as follows: Doctor of 
Technical Sciences, M. A. Gavrilov (chairman), Doctor of Technical Sciences, 
V. N. Roginskiy, Candidate of Technical Sciences, V. G. Lazarev, Candidate of 
Technical Sciences, P. P. Parkhomenko, Candidate of Physico-Mathematical Sciences, 
V. I. Shestakov (took part in the review and revision of part of the terms) and 
0. P. Kuznetsov, Junior Research Assistant. 

The draft is being published for discussion and to obtain comments from 
interested organizations and from individual specialists, after which the com- 
mission will prepare the final text of the terminology list with consideration 
for the comments received. 

M. A. Gavrilov 
Chairman of the Terminology Committee 
of the USSR Committee on Automatic 
Control, Corresponding Member of the 
Academy of Sciences USSR 
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TERMINOLOGY OF THE THEORY OF RELAY DEVICES 

1. Terms Relating to Relay Elements 

1.1. Relay characteristic. The characteristic expressed by a function 
which with continuous variation of the argument (or arguments) takes two or 
several fixed values. 

1.2. Relay element. The minimal collection of components and connections 
between them which has a relay characteristic. 

Note 1. The relay characteristic may be organically inherent to the ele- 
ment or may be obtained artificially, for example by means of the choice of a 
suitable regime of operation of the element. 

Note 2. Normally the argument of the function which expresses the relay 
characteristic of the element is the input action (see 1.6) while the values of 
the function are the internal states or the output actions. 

1.3.  Two-position relay element. A relay element whose characteristic is 
expressed by a function which takes two fixed values. 

Note: The values of the function in this case are normally taken equal to 
0 and 1. 

1.4. Multiposition relay element. A relay element whose characteristic is 
expressed by a function which takes several fixed values. 

Note: In the case of an n-position element the values of the function are 
normally taken equal to the numbers of the natural series from 0 to n-1. 

1.5.  Terminals of a relay element. The portions of a relay element 
through which there are applied to it actions from outside and through which 
it accomplishes transmission of an action to the outside. 

Note: For definitions of actions and their classification see Basic Con- 
cepts of Automation (Osnovnyye ponyatiya avtomatiki) (IFAC 1960). 

1.6. Input of a relay element. The terminal of a relay element through 
which an action from outside is applied to it. 

Note: The action received by the relay element from the outside is termed 
the input action. 
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1.7. Output o f  a r e l a y  element.  The t e rmina l  of a r e l a y  element through 
which it t r ansmi t s  an  a c t i o n  t o  t h e  o u t s i d e .  

Note: The a c t i o n  t r a n s m i t t e d  by a r e l a y  element t o  t h e  o u t s i d e  i s  t e r m e d  
t h e  output  a c t i o n .  

1.8. Separa t ive  inpu t s  of a r e l a y  element.  The i n p u t s  of a r e l a y  element 
between which t h e  t r a .n s fe r  o f  a c t i o n  i s  no t  p o s s i b l e .  

1 .9 .  Separa t ive  ou tpu t s  of a r e l a y  element.  The ou tpu t s  of  a r e l a y  e le -  
ment between which t h e  t r a n s f e r  of  a c t i o n  i s  no t  p o s s i b l e .  

1.10. React ive organ of  a r e l a y  element.  The p o r t i o n  of a r e l a y  element 
which r e a c t s  t o  a s p e c i f i e d  change of  t h e  inpu t  a c t i o n s .  

1.11. Actuat ing organ of a r e l a y  element.  The p o r t i o n  of a r e l a y  element 
which develops a s p e c i f i e d  ou tpu t  a c t i o n .  

1 .12 .  Contact r e l a y  element .  A r e l a y  element i n  which t h e  a c t u a t i n g  e le-  
ment i s  an e l e c t r i c a l  con tac t ing  device .  

1 . 1 3 .  Contac t less  r e l a y  element .  
organ does no t  have e l e c t r i c a l  con tac t ing  dev ices .  

A r e l a y  element i n  which t h e  a c t u a t i n g  

Note: I n  t h e  c o n t a c t l e s s  r e l a y  elements  t h e  r e a c t i v e  and t h e  a c t u a t i n g  
organs i n  many cases  cannot be p h y s i c a l l y  separa ted .  

1.14. S t a t e  of t h e  inpu t  ( i n p u t s )  of  a r e l a y  element.  
s e l e c t e d  values  (combinations of  s e l e c t e d  va lues )  of a c t i o n s  on t h e  i n p u t  (each  
of t h e  inpu t s )  of  a r e l a y  element a t  one i n s t a n t  of t i m e .  

One of  t h e  p o s s i b l e  

1.15. S t a t e  of t h e  output  ( o u t p u t s ) o f a  r e l a y  element.  One of  t h e  pos- 
s i b l e  s e l e c t e d  values (combinations of s e l e c t e d  va lues )  of a c t i o n s  on t h e  out -  
p u t  (each  of t h e  ou tpu t s )  of  a r e l a y  element a t  one i n s t a n t  of t i m e .  

1.16. I n t e r n a l  s ta te  of  a r e l a y  element.  One of a f i n i t e  number of states 
of a l l  t he  components and connect ions of a r e l a y  element ( excep t  t h e  inpu t s  
and ou tpu t s ) .  

1.17. T o t a l  s ta te  of a r e l a y  element ( s t a t e  of a r e l a y  e lement ) .  Aggre- 
g a t e  of the  s ta te  of  t h e  i n p u t s  and of t h e  i n t e r n a l  state of  a r e l a y  element 
a t  one i n s t a n t  of  t i m e .  

1.18. S t a b l e  s ta te  of a r e l a y  element .  S t a t e  of a r e l a y  element from which 
it can be d i s tu rbed  only  by a change of  s t a t e  of t h e  i n p u t .  

1.19. Unstable  s t a t e  of  a r e l a y  element.  S t a t e  of a r e l a y  element whose 
change does n o t  r e q u i r e  a change of t h e  i n p u t  state.  

1.20. React ion of  a r e l a y  element .  Change of  t h e  i n t e r n a l  s ta te  of  a n  
element .  
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Note: Sometimes, differentiation is made of the different forms of reac- 
tion, for example in the two-position elements we differentiate the energizing 
(tripping) of the relay element and the deenergizing (release) of the relay 
element. 

1.21. Delay of a relay element (delay). The interval of time between the 
instant when the action on the input of the relay element attains the value 
corresponding to a new value of the output action on the relay characteristic 
and the instant of the appearance of this value on the output of the relay 
element. 

Note: There exist relay elements in which the delay is strictly constant 
and relay elements in which its value depends on the parameters of the input 
actions and on other factors. 

1.22. Essential delay. A delay whose magnitude must be considered in the 
treatment of the functions of the given element. 

Note: A relay element whose primary function is the realization of an 
essential delay can be termed a relay delay element. 

1.23. Inessential delay. A delay whose magnitude can be ignored in the 
consideration of the functions performed by the given element. 

Note: The concepts of the essential and the inessential delay are rela- 
tive and are determined by the purpose of the element and the conditions of its 
interaction with other elements. 

1.24. Delay of reaction of a relay element. The interval of time between 
the instant when the action on the input of the relay element attains the value 
corresponding to a new internal state on the relay characteristic and the instant 
of the appearance of this state. 

1.2'3. Relay element without retention of the internal state. 
element in which the internal state is uniquely determined by the state of the 
inputs . 

A relay 

1.26. Rzlay element with retention of the internal state (relay memory 
element). 
state of the inputs and by the preceding internal state. 

A relay element in which the internal state is determined by the 

Note: The term "storage element'' can also be used. 

1.27. Relay element with static input. Relay element which reacts to 
input actions whose duration exceeds the reaction delay time of this element to 
the given action. 

1.28. Relay element with static output. Relay element whose output action 
uniquely corresponds to the state of the element and does not change if this 
state is retained. 
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1.3. Relay element wi th  pulsed  i n p u t .  Relay element which r e a c t s  t o  
inpu t  ac t ions  whose d u r a t i o n  i s  l e s s  than  t h e  r e a c t i o n  de lay  of t h i s  element t o  
t h e  given a c t i o n .  

I( 

1.30. Relay element wi th  pulsed  ou tpu t .  Relay element whose output  a c t i o n  
uniquely  corresponds t o  t h e  change of s t a t e  o f  t h e  element and occurs  i n  a 
d e f i n i t e  pe r iod  of t i m e .  

1 .31 .  Relay element which r e a c t s  t o  switching ( r e l a y  switch e lement ) .  
Relay element which r e a c t s  on ly  t o  d e f i n i t e  changes ( swi t ch ing )  of  t h e  inpu t  
a c t i o n s .  

1.32. Funct iona l  p r o p e r t i e s  of a r e l a y  element.  The r e l a t i o n  between 
t h e  s t a t e  (sequence of  states) of t h e  inpu t s  and t h e  s ta te  (sequence of  states) 
of t h e  outputs .  

Note: The func t iona l  p r o p e r t i e s  of  a r e l a y  element can be desc r ibed  by 
t a b l e s ,  l o g i c  func t ions  (systems of f u n c t i o n s ) ,  e t c . ,  which g ive  t h e  dependence 
of t h e  output  s ta tes  on t h e  inpu t  s ta tes ,  i n t e r n a l  s t a t e s ,  and de lays .  Some- 
t i m e s  t hese  r e l a t i o n s  may be p r o b a b i l i s t i c .  

2. Terms Re la t ing  t o  t h e  General C h a r a c t e r i s t i c  of a Relay Device 

2.1. Relay dev ice .  A c o l l e c t i o n  of i n t e r a c t i n g  elements i n  which t h e  
a c t i o n s  on any output  can t a k e  only  a f i n i t e  number o f  f i x e d  va lues .  

Note 1. The inpu t s  of  t h e  r e l a y  device ,  by analogy wi th  t h e  r e l a y  element,  
are those  t e rmina l s  on which a c t i o n s  from o u t s i d e  are app l i ed ,  while  t h e  ou t -  
p u t s  are t h e  t e rmina l s  through which t h e  r e l a y  device  t r a n s m i t s  an  a c t i o n  t o  
t h e  ou t s ide .  

Note 2. Devices i n  which a p o r t i o n  of  t h e  ou tpu t s  have a r e l a y  cha rac t e r -  
i s t i c  while another  po r t ion  do no t  have t h i s  c h a r a c t e r i s t i c  should be termed 
mixed devices .  

Note 3. By analogy wi th  the s ta te  of  t h e  inpu t s  of t h e  r e l a y  element,  
t h e  s t a t e  of t h e  inpu t s  of t h e  r e l a y  device  i s  de f ined  as one of  t h e  p o s s i b l e  
combinations of  s e l e c t e d  va lues  of t h e  a c t i o n s  on each of t h e  inpu t s  of  t h e  
r e l a y  device a t  one i n s t a n t  of t i m e ;  t h e  s t a t e  of t h e  ou tpu t s  of  t h e  r e l a y  
device  i s  de f ined  s i m i l a r l y .  

Note 4. By analogy wi th  t h e  s e p a r a t i v e  i n p u t s  and ou tpu t s  of a r e l a y  
element,  t he  sepa ra t ive  inpu t s  o r  o u t p u t s  of a r e l a y  device  are t h e  terms given 
t o  t h e  inputs  o r  ou tputs  of  a r e l a y  dev ice  between which t h e  t r a n s f e r  of  a c t i o n  
i s  no t  poss ib l e .  

Note 5 .  A f i n i t e  number o f  f i x e d  va lues  of  t h e  ou tpu t  a c t i o n s  of  a r e l a y  
device  can take p lace  both as a r e s u l t  of t h e  f a c t  t h a t  t h e r e  i s  a t  l eas t  one 
r e l a y  element between each inpu t  and ou tpu t  and as a resu l t  o f  t h e  f a c t  t h a t  
on t h e  inputs  of t h e  r e l a y  element t h e r e  i s  a p p l i e d  only  a p r e s e l e c t e d  f i n i t e  
number of f i x e d  values  of t h e  a c t i o n s .  
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2.2. Element of a relay device. A relay or other element appearing in 
the structure of a relay device. 

2.3. 
device which is the source of the energy necessary for the operation of the 
relay device. 

Power supply element of a relay device. The element of a relay 

Note 1. In many cases, in place of the power supply elements we consider 
inputs to which there are connected the power sources (power inputs) of the 
relay device. 

Note 2. The power supply elements do not change their state during opera- 
tion of the relay device. 

2.4. Connecting element of a relay device. An element of the structure 
of a relay device which serves for permanent connection of the other elements 
with one another 

Note: ?“ne connecting elements in the relay device can be: connecting 
wires, disconnect plugs, connecting tubes (in pneumatic and hydraulic relay 
devices), etc. 
operation of the relay device. 

The connecting elements do not change their state during the 

2.5. Limiting element of a relay device. The element of a relay device 
which limits the action within the relay device with respect to some parameter. 

Note: The limiting elements in the relay device can be: various linear 
or nonlinear resistors, fuses, elements with one-way conductivity, etc. The 
limiting elements can change their state as a function of the magnitude or 
direction of the actions taking place in them. 

2.6. 
whose purpose is participation in the performance of the function realized by 
the relay device. 

Functional element of a relay device. An element of a relay device 

Note: Among the functional elements we can differentiate the sensing 
elements of the relay device whose purpose is the sensing of action from with- 
out, the actuating elements whose purpose is the transmission of the action 
from the relay device to the outside, and the intermediate (internal) elements 
whose purpose is the transmission of the action within the relay device. 

2.7. Internal state of a relay device. One of the possible combinations 
of the states of the outputs of the delay elements and of the internal states 
of the storage elements of a relay device at one instant of time. 

2 . 8 .  Total state of a relay device. The aggregate of the input states 
and the internal states of a relay device at one instant of time. 

Note : We differentiate the abstract representation of the states (abstract 
states) in which each state is designated by an ordinal number or letter, and 
the structural representation of the states (structural states) in which the 
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s ta te  i s  des igna ted  by an n - d i g i t  number, each d i g i t  o f  which corresponds t o  
t h e  s t a t e  of some element of  t h e  r e l a y  device .  

2.9. S t ab le  s ta te  of a r e l a y  device .  The state of  a r e l a y  device  i n  
which each of i t s  elements i s  i n  a stable state.  

2.10. Unstable  s ta te  of a r e l a y  device .  !he s ta te  of  a r e l a y  device  i n  
which a t  least  one of i t s  elements i s  i n  an uns t ab le  s ta te .  

3. Terms Rela t ing  t o  t h e  S t r u c t u r e  of  a Relay Device 

3.1. S t r u c t u r e  of  a r e l a y  device .  The assembly of  elements and connec- 
t i o n s ,  a long which t h e r e  proceed t h e  i n t e r a c t i o n s  between t h e  elements and 
a l s o  between t h e  inpu t s  and outputs ,  which form t h e  r e l a y  device .  

3.2. S t r u c t u r a l  diagram of a r e l a y  device .  The symbolic g r a p h i c a l  rep-  
r e s e n t a t i o n  of a r e l a y  device  which p r e s e n t s  a biunique r e f l e c t i o n  o f  i t s  s t r u c -  
t u r e .  

3.3. Node of t h e  s t r u c t u r e  of a r e l a y  device .  A l e a d  o r  a p o i n t  of  con- 
nec t ion  of s e v e r a l  l e a d s  of  t h e  elements of a r e l a y  device .  

Note: A node of t h e  s t r u c t u r e  which co inc ides  wi th  a t e rmina l  of t h e  
s t r u c t u r e  can be termed an inpu t  o r  ou tpu t  node ( p o l e )  o f  t h e  S t r u c t u r e .  

3.4. Component of  t h e  s t r u c t u r e  of  a r e l a y  device .  The r e a c t i v e  o r  
a c t u a t i n g  organ of a r e l a y  element o r  ano the r  element which i s  connected be- 
tween t w o  nodes of a r e l a y  device .  

Note: Depending on t h e  a r b i t r a r i l y  s e l e c t e d  d i r e c t i o n  of passage of an  
a c t i o n  through t h e  component, one of t h e  nodes between which it i s  connected 
i s  termed t h e  i n i t i a l  node and t h e  o t h e r  i s  termed t h e  f i n a l  node. 

3.5. P a r a l l e l  connection of  components. A connect ion of the components 
i n  which all t h e  i n i t i a l  nodes of  t h e  components are combined i n t o  a s i n g l e  
i n i t i a l  node and a l l  t h e  f i n a l  nodes o f  t h e  components are combined i n t o  a 
s i n g l e  f i n a l  node. 

3.6. S e r i e s  connection of  components. The connect ion of two components 
i n  which t h e  f i n a l  node of one of  t h e  components i s  connected t o  t h e  i n i t i a l  
node of the o t h e r ;  t h e  i n i t i a l  and f i n a l  nodes of  such a connect ion are t h e  
free i n i t i a l  node of  one component and t h e  free f i n a l  node of t h e  o t h e r ,  
r e s p e c t i v e l y .  

3.7. Elementary c i r c u i t  of a r e l a y  device .  One o r  several s e q u e n t i a l l y  
connected components of t h e  s t r u c t u r e  of a r e l a y  device,  connected between 
two given nodes of a s t r u c t u r e .  

Note: The nodes between which t h e  elementary c i r c u i t  i s  connected can be 
termed the  po le s  of t h e  elementary c i r c u i t .  
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3.8. Complex circuit of a relay device (circuit of a relay device). The 
aggregate of the elementary circuits between two given nodes of the structure. 

Note 1. If one of the nodes of the circuit of a relay device is the input 
(output) node of the structure, then this circuit is termed the input (output) 
circuit. Otherwise the circuit is termed internal. 

Note 2. A circuit of a relay device which connects the input node of the 
structure with its output node and does not contain the reactive organs of the 
relay elements is termed a through circuit. 

3.9. Bridge component. A component of a complex circuit of a relay device 
which is simultaneously a part of some two of its elementary circuits such that 
each node of the component is the initial node in one of these circuits and is 
the final node in the other circuit. 

3.10. State of a circuit of a relay device (state of a relay circuit). 
One of the values of conductivity or other parameter of a relay circuit cor- 
responding to the relay characteristic defined by the combination of the states 
of the relay elements whose components participate in the given circuit. 

Note 1. For two-valued states of the circuit we usually differentiate 
the conducting and nonconducting states (or for the contacting circuits the 
closed and open states). 
separate the nonconducting state and differentiate several degrees of conduc- 
t ivi ty . 

For the multivalued states of the circuit we usually 

Note 2. In accordance with the specific nature of the relay circuits, 
in place of conductivity we also use the term structural conductivity of the 
relay circuit. 

Note 3. By analogy with the state of the circuit of a relay device, we 
can talk of the state of a component of the structure. 

3.11. Circuit of a relay device which is the inverse with respect to the 
given circuit (inverse circuit). A circuit (elementary or complex) of a relay 
device whose state is conducting for a nonconducting state of the given circuit 
and vice versa. 

Note: With a number of values of conductivity of the relay circuit greater 
than two, the concept of the inverse circuit is defined in accordance with the 
definition of inversion in the system of multivalued logic used for the descrip- 
tion of the given structure. 

3.12. Relay two-terminal network. Structure of a relay device or a sepa- 
rable portion of it which has only two poles. 

Note 1. The initial and final poles of the two-terminal network are defined 
by analogy with the definition of the initial and final nodes of a component 
of the structure of a relay device (see Note to 3.4). 
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Note 2. The parallel and series connection of two-terminal networks are 
defined by analogy with the definitions of similar connections of the compo- 
nents of the structure of a relay device (see 3.5 and 3.6). 

Note 3. The state of a two-terminal network is defined by analogy with 
the definition of the states of the circuit of a relay device (see 3.10). 

3.13. Relay network. The structure of a relay device or a separable por- 
tion of it which has more than two poles. 

Note: 'he relay network in which there are separated p input and k output 
poles is termed a (p,k)-terminal network; when it is necessary to differentiate 
the p 

input circuits we can make use of the notation of the form--(p 

terminal network. 

initial nodes of the through circuits from the p2 initial nodes of the 1 

+ p2,k)- 1 

3.14. Section of a relay device. The aggregate of the components of the 
structure of a relay device whose nonconducting state brings into a nonconduct- 
ing state all the elementary circuits between the input and output poles of 
the structure. 

Note: A section which ceases to be a section when any of its components 
are removed is termed irredundant. 

3.13. 
The structure of a relay device obtained by series and parallel connections of 
its components. 

Parallel-series structure of a relay device (class n structure). 

3.16. Bridge structure of a relay device (class H structure). The struc- 
ture of a relay device containing a bridge component. 

3.17. Structural tree. The structure of a (1,K)-network in which all the 
circuits between the input pole and any of the K output poles are elementary 
circuits. 

3.18. Iterative structure. Structure of a relay device consisting of 
identical two-terminal networks or networks which are identically connected 
among themselves. 

3.19. Plane (planar) structure. The structure of a relay device whose 
diagram can be represented on a plane without intersections of the lines repre- 
senting the individual relay circuits appearing in the structure, including 
the power supply source circuits. 

3.20. Nonplane (nonplanar) structure. The structure of a relay device 
whose diagram cannot be represented on a plane without intersections of the 
lines representing the individual relay circuits appearing in the structure, 
including the power supply source circuits. 



* 
4. Terms Relating to the Functional Properties of a Relay 

Device 

4.1. Functional properties of a relay device. The relationship which 
exists in a relay device between the states (sequence of states) of the out- 
puts and the states (sequences of states) of the inputs of the relay device. 

Note 1. By analogy with "Terminology of the Basic Concepts of Automation" 
(IFAC 1960) 
algorithm of a relay device." 

in place of the indicated term we can also use the term "function 

Note 2. In place of the term "functional properties of a relay device" 
we can speak of "the function realized by a relay device." 

Note 3. The functional properties of a relay device can be described 
analytically, graphically, or in the form of a table. 

4.2. Output function of a relay device. The functional properties of a 
relay device defined with relation to a given output. 

4.3. Switching function of a relay device. The dependence of the internal 
state of a relay device at the present moment on the preceding internal states 
and on the state of the inputs at the present moment. 

Note: For relay devices which contain as sensing elements tiiose with 
pulsed input or which react to switching, the internal state may also depend 
on the state of the inputs at preceding moments of time. 

4.4. Functional link of a relay device. An artificially separated 
portion of a relay device corresponding to some elementary function. 

Note 1. A functional link may reflect, for example, an elementary logic 
function (disjunction. conjunction, negatjon, etc.), an elementary delay func- 
tion, an elementary memory function, etc. 

Note 2. 
the relay device. 

The functional link may coincide with a functional element of 

Note 3. An arbitrarily separated point through which there is transmitted 
an action corresponding to the argument of the function realized by the given 
link should be termed an input of a functional link; an arbitrarily separated 
point through which there is transmitted an action corresponding to the value 
of the function realized by the given link should be termed an output of a 
functional link. The inputs and outputs of the functional link can be termed 
leads. 

4.5. Functional diagram of a relay device--is a symbolic graphical rep- 
resentation of a relay device consisting of an aggregate of interconnected 
functional links and uniquely reflecting the functional property of the relay 
device . 



Note 1. The functional diagram of a relay device can be represented as 
consisting of the logic portion including in itself the functional links re- 
flecting the logic functions, and of the storage portion including in itself 
the functional links reflecting the elementary functions of delay and memory. 

Note 2. In the construction of the functional diagram from the functional 
links it is normally considered that the latter possess directivity (from the 
inputs toward the outputs) and separability. 

4.6. 
structionally expressed portion of the relay device which accomplishes a defi- 
nite function. 

Functional block of a relay device. The actually existing con- 

4.7. Block diagram of a relay device. The symbolic graphical represen- 
tation of a relay device consisting of a collection of interacting functional 
blocks. 

4.8. Circuit of a functional diagram. The transmission path of the actions 
in the functional diagram of a relay device. 

4.9. Node of a functional diagram. Terminal or point of connection of 
leads of the functional links. 

Note 1. By analogy with the concept of "output function" we can speak of 
a "node function" if the given node is taken as an output. 

Note 2. By analogy with the concept of node and circuit of the functional 
diagram we can use the concept of "node of a block diagram" and "circuit of a 
block diagram. ' I  

4.10. Switching table. A table which describes the switching function 
and output functions of a relay device using an abstract representation of the 

I states. 

Note 1. Frequently a separate table is constructed for the output func- 
tions and in this case the table should be termed the output table. 

Note 2. Various forms of tables are used: 

(a) a square switching table (switching matrix whose rows and columns cor- 
respond to the internal states of the relay device while the elements of the 
matrix are the states of the inputs or the changes of the states of the inputs 
which transfer the relay device from one state to another); 

(b) a rectangular switching table whose columns correspond to the states 
of the inputs, the rows correspond to the states of the relay device at the 
present moment, while in the cells of the table there are written the corre- 
sponding internal st:ttes in the succeeding moment. 

4.11. Switching graph (switching diagram). A graph describing the switch- 
ing function of the relay device. 
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Note 1. Frequently, in the switching graph there are indicated the states 
of the outputs corresponding to the states o r  to the changes of the states of 
the relay device. 

Note 2. In many cases an individual switching graph is constructed for 
each state of the inputs of the relay device. 

4.12. Table of states. A switching table ( o r  only a table of the out- 
puts) using the structural representation of the states. 

4.13. Cycle. of operation of a relay device. 
two successive changes of the total state of a relay device. 

Interval of time between 

4.14. Table of inclusions. A table whose columns correspond to the num- 
bers of cycles of operation of a relay device while the rows correspond to the 
states of the inputs of the internal elements and outputs of the relay device. 

4.15. Single-cycle relay device. A relay device in which the state of 
its outputs at every given moment of time is uniquely determined by the state 
of the inputs at that same instant of time. 

Note 1. In the single-cycle relay devices with pulsed outputs and static 
inputs, the state of the outputs is uniquely determined by the change of the 
state of the inputs. 

Note 2. The single-cycle relay device does not contain essential delays 
or memory elements. 

4.16. Multicycle relay device. A relay device in which the state of its 
outputs at a given instant of time is determined by the state of the inputs OF 
the device, and also by the state of the outputs of the delay elements and the 
memory elements at that same instant of time. 

Note: In the multicycle relay devices with pulsed outputs, static inputs, 
and static outputs of the delay elements and of the memory elements, the state 
of the outputs is uniquely determined by the change of the state of the inputs 
of the device and the change of the state of the outputs of the memory elements 
and the delay elements. 

4.17. Synchronous relay device. A relay device in which the states of 
the inputs are sensed only at the instants of the application of an action on 
a specially separated input. 

Note: The specially separated input of the synchronous device is normally 
termed the synchronizing input, while the other inputs are termed the informa- 
tional inputs. 

4.18. Asynchronous relay device. A relay device in which there is no 
synchronizing input. 

4.19. Autonomous regime of operation of a relay device. Functioning of a 
multicyclic relay device with a constant state of the inputs. 
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Note: A relay device which has only an autonomous regime of operation is 
termed autonomous. 

4.20. Switching process in a relay device. The phenomenon taking place 
in a relay device during the transfer of the device from one given state into 
the following given state. 

4.21. Competition of relay elements. A switching process during which 
more than one element is simultaneously in an unstable state. 

4.22. Competition of relay circuits. A switching process during which 
different circuits do not change their state strictly simultaneously. 

4.23. Permissible competitions. Competitions of relay elements or cir- 
cuits which cannot cause degradation of the functional properties (of the func- 
tion algorithm) of the relay device. 

4.24. Forbidden competitions. Competitions of relay elements or circuits 
which can lead to degradation of the functional properties (of the function 
algorithm) of the relay device. 

Note: With respect to the forbidden competitions of the relay circuits, 
we differentiate forbidden competitions of the first kind which can be elimi- 
nated by means of definite changes of the logic portion of the relay device, 
and the forbidden competitions of the second kind whose elimination can be 
accomplished only by the introduction of additional delays. 

3. Terms Relating to the Analysis and Synthesis of Relay Devices 

5.1.  Conditions of operation of a relay device. The required variation 
of the states (sequence of states) of the outputs as a function of the states 
(sequence of states) of the inputs of the relay device, expressed literally 
or by some formalized language. 

Note 1. The functional properties of the realized relay device must cor- 
respond to its conditions of operation. 

Note 2. In the formulation of the conditions of operation, we normally 
assume that one or several of the initial states of the device are known. 

Note 3. In the formulation of the conditions of operation, indications 
may be made of the various limitations affecting the synthesis of the struc- 
ture, namely: the structural properties of the elements, type of the struc- 
ture itself, tolerances on the parkametric relationships, requirements on 
reliability, etc. 

> . 2 .  Contradictory c%onditions of operation of a relay device. Conditions 
of operation in which to the same sequcnce of states of the inputs for the same 
init i . t l  :;t*\tc there (.orrespond different sequences of the states of the outputs. 
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4 Note: The con t r ad ic to ry  condi t ions  of ope ra t ion  are no t  r e a l i z a b l e .  i . e . ,  
it i s  not  p o s s i b l e  t o  cons t ruc t  a r e l a y  device whose f u n c t i o n a l  p r o p e r t i e s  would 
correspond t o  these  condi t ions  of opera t ion .  

5 . 3 .  Inope ra t ive  s t a t e  o f  a r e l a y  device with r e s p e c t  t o  a given ou tpu t .  
The s t a t e  of a r e l a y  device i n  which t h e  given output  func t ion  t a k e s  t h e  v d u e  

Note: With a zero va lue  of t h e  output func t ion  t h e  output  c i r c u i t s  of t h e  
g iven  output  a r e  i n  a nonconducting s t a t e .  

5.4. Operat ive s ta te  o f a r e l a y  device wi th  r e s p e c t  t o  a given ou tpu t .  The 
s ta te  of  a r e l a y  device  i n  which t h e  given output  func t ion  t a k e s  a value  d i f f e r -  
i n g  from ze ro .  

Note: With a nonzero value of t h e  output  func t ion  a t  l e a s t  one of t h e  
output  c i r c u i t s  of t h e  given output  i s  i n  the  conducting s t a t e .  

5 . 5 .  I n d i f f e r e n t  s ta te  o f  a r e l a y  device wi th  r e s p e c t  t o  a given ou tpu t .  
A s ta te  of  a r e l a y  device  which, w i t h  r e spec t  t o  condi t ions  of ope ra t ion ,  can 
be e i t h e r  ope ra t ive  or i nope ra t ive  wi th  r e spec t  t o  a given ou tpu t .  

5 . 6 .  Unused s t a t e  of a r e l a y  device .  A s t a t e  of a r e l a y  device which, 
i n  conformance wi th  t h e  condi t ions  of  opera t ion ,  cannot t a k e  p l a c e .  

Note:  The i n d i f f e r e n t  and unused s t a t e s  a r e  f r e q u e n t l y  termed t h e  con- 
d i t i o n a l  s ta tes .  The va lues  of  t h e  output  func t ion  a re  inde termina te  f o r  t h e  
c o n d i t i o n a l  states.  

5.7. Unused sequence of  s ta tes  of the inpu t s .  A sequence of s t a t e s  of  
t h e  inpu t s  which, i n  accordance wi th  t h e  condi t ions  of  ope ra t ion ,  cannot t.&e 
p l a c e .  

5.8.  Complete condi t ions  o f  opera t ion  of a r e l a y  device.  Conditions of 
ope ra t ion  from which f o r  any sequence of i npu t s  w e  can e i t h e r  determine t h a t  
t h e  sequence i s  unused or can determine the  corresponding sequence of s ta tes  
of  t h e  ou tpu t s .  

5.9. Synthes is  of a r e l a y  device.  Determination of t h e  s t r u c t u r e  of a 
r e l a y  device  from t h e  cond i t ions  of  opera t ion  s p e c i f i e d  f o r  i t .  

Mote: It i s  customary t o  d i f f e r e n t i a t e  t h r e e  s t a g e s  of  t h e  syn thes i s  of 
r e l a y  devices  : 

( a )  a b s t r a c t  syn thes i s ,  which does not t ake  account of t h e  p r o p e r t i e s  of 
t h e  a c t u a l  r e l a y  elements from which t h e  device  i s  cons t ruc t ed  and te rmina tes  
wi th  t h e  w r i t i n g  o f  t h e  t r a n s f e r  func t ion  ( i n  t h e  form of a t r a n s f e r  t a b l e ,  a 
t r a n s f e r  graph, a t r a n s f e r  matr ix ,  e t c .  ) ; 

( b )  t h e  s y n t h e s i s  of t h e  s ta te  t a b l e ,  which t e rmina te s  i n  t h e  construc-  
t i o n  of  a s ta te  t a b l e  ( t r u t h  t a b l e )  i n  accordance wi th  t h e  given t r a n s f e r  t a b l e :  
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(e) structural synthesis, which terminates with the construction of the 
structure of the relay device in accordance with the given state table. If 
the structural synthesis is terminated with the construction of a functional 
diagram then it should be termed logical synthesis. 

5.10. Analysis of a relay device. 
erties of a relay device from its given structure. 

Determination of the functional prop- 

Note 1. In many cases, to obtain unambiguous results of the analysis it 
is necessary to know the parametric relationships present in the structure 
(ratio of delays, ratio of the conductivities of the various circuits, etc.), 
the initial state of the device, etc. 

Note 2. By analogy with the synthesis steps we can differentiate three 
stages of analysis: 

(a) structural analysis--the construction of a state table corresponding 
to the given structure of a relay device; 

(b) analysis of the state tables--the construction of the transfer func- 
tion corresponding to the given state table; 

(e) abstract analysis--the determination of the functional properties of 
a relay device corresponding to a given transfer function. 

5.11. Equivalent relay devices are devices which realize the same con- 
ditions of operation. 

5.12. Equivalent transformations are transformations of the forms of 
the representations of the functional properties or of the structure of a 
relay device as a result of which there is obtained a form of representation 
of the device which is equivalent to the original. 

Note: Depending on the form of the representation, we can speak of 
equivalent transformations of transform tables (graphs), functional diagrams, 
structural formulas (diagrams), etc. 

5.13. Minimization. Equivalent transformations directed to the reduc- 
tion of the value of some criterion of the complexity of a relay device. 

Note: Depending on the complexity criterion selected, we can speak of 
minimization of the number of states of a relay device, the number of relay 
elements, etc. 

5.14. Disposition (coding) of states. Correlation of one or several 
structural states to each abstract state. 

5.15. Compatible states--two abstract states of a relay device which can 
be exchanged without degradation of its conditions of operation. 

Note: Compatible states are characterized by the fact that if they are 
taken to be the initial states, regardless of what input sequence is used of 
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those that are possible in accordance with the conditions of operation, they 
will not give different output sequences. 

5.16. Equivalent states--are compatible abstract states of a relay 
device whose set of unused input sequences coincide. 

5.17. Irredundant form of representation of a relay device is the form 
of representation of a relay device whose further minimization leads to forms 
of representation of devices which are not equivalent to the original. 

Note: Depending on the form of representation of the relay device con- 
sidered, we can speak of irredundant transfer table, irredundant functional 
diagram, irredundant structural diagram, irredundant form of Boolean function, 
etc. 

5.18. Minimal form of representation of a relay device. Irredundant 
form of representation of a relay device f o r  which the value of the selected 
criterion of complexity is minimal. 



APPENDIX TO TERMINOLOGY OF THE THEORY OF RELAY DEVICES 

x x  
0 1  

1 0  

Some Terms of Mathematical Logic 

1. Logical k-valued function (function of the class P )--a function, k 

taking k values, whose arguments also take on k values. 

Note 1. Every k-valued logical function of n variables can be given by 
3 table in which there are indicated the values of the function for each of the 
k possible combinations of values of the arguments. 

Note 2. The two-valued logic functions are frequently termed Boolean 
functions (functions of the class Pz) or functions of logic algebra. 

2. Some basic logic functions and their notations: 

Negation (NOT function, inversion) - 1  

Disjunction (nonexclusive OR, logical summation) u, + 

Conjunction (AND function, logical multiplication) 

, 

n, 

- 9  I) Implication 

- E qui va 1 en c e t)) = 

Nonequivalence (exclusive OR, modulo 2 summation) 

Sheffer 's function (Sheffer 's stroke) 

Webb's function (Pi-erce 's arrow) 

Const: m t  0 

Const:tnt 1 

Table f o r  negation 
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TABLE FOR REMAINING FUNCTION 

1 1  

X +  Y 

1 
1 
0 
1 

r rp  0 1 1 0  0 

1 G O O  0 
p 1 

3. The functionally complete system of k-valued functions (base)--a sys- 
tem of k-valued functions possessing the property that any k-valued function of 
any number of variables can be represented in the form of a superposition of 
functions of this system. 

4. Representation of a function in a given base (formula in a given base). 
Writing a function in the form of a superposition of functions of a given base. 

Note 1. One and the same function in one and the same base can have several 
(and even infinitely many) formulas representing it. 
equivalent if they represent one and the same function. 

The formulas are termed 

Note 2. Examples of bases for Boolean functions: 

1) conjunction, negation, 

2) disjunction, negation, 

3) conjunction, disjunction, negation, 

4) Sheffer's stroke, 

5) Webb's f'unction, 

6) conjunction, modulo 2 addition, constant 1. 

Note 3. The following concepts relate to the representation of the Boolean 
functions in the base 3). 

5 .  Disjunctive normal form of a function--the representation of a function 
in the form of the sum (disjunction) of the products of the variables. 

6. Conjunctive normal form of a function--the representation of the func- 
tion in the form of the product (conjunction) of the sums of the variables. 

7. The function "constant 1," considered as a function of n variables, 
has the following representation in the base 3) 

- - 1 = 5 x  2...x + x x . . . x  + . . . +  z . . . x  . n 1 2  n 1 n 
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Each term of this sum is the product of all n variables, where each variable 
enters into this product one time--either with or without negation. These prod- 
ucts of the variables are termed "constituents of unity." A l l  2n different 
possible constituents of unity enter into the representation of the function 1. 

8 .  The complete disjunctive normal form of the Boolean function--is the 
representation of the Boolean function in the form of the sum of the constitu- 
ents of unity. 

9. The function "constant 0," considered as a function of n variables, 
has the following representation in the base 3) 

- 
0 = (xl+ . . . + xn) (xl+ . . . + x,) . . . (Tl+ . . . + x ) .  

n 
Each co-factor of this product is the sum of all the variables, where each 
variable enters into it one time--either with or without negation. 

These sums of the variables are termed "constituents of zero." 

10. The complete conjunctive normal form of the Boolean function--is the 
representation of the Boolean function in the form of the sum of the constituents 
of zero. 

11. The implicant of the function f(xl, ..., x )--is the product of certain n 

(possibly with negation) which do not contain si- of the variables xl, . . .  x 
multaneously the variable and its negative, such 

. .., x ) = 1 is valid for any values of x 

12. The simple implicant--is an implicant which will cease to be an im- 

n 

that the formula p'f(xl, 

. .  ., x . n 1' n 

plicant when any of its co-factors is eliminated. 

Note: Each Boolean function has a finite number of simple implicants. 
The sum of all the simple implicants of a function is equivalent to this func- 
tion and, consequently, is one of its normal forms. Sometimes it is called the 
abbreviated normal form. 

13 .  Minimum normal form (irredundant normal form) of the Boolean function-- 
is the sum of certain simple implicants of the function which is a representa- 
tion of this function but ceases to be a representation when any of its terms 
are eliminated. 

14. Incompletely determined Boolean function--a function whose value is not 
defined for certain sets of values of its variables. 

15. The complete determination of the Boolean function f(xl, ... xn)--is 
the completely determined Boolean function g(xl, . . . , x ) such that for all n 
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- 
sets of the variables 2 ..., x on which f is determinate 

1’ n 

Note: If the Boolean function f is not determinate on k of the sets, then 
k 2 different complete determinations of f are possible. 

16. The minimal term of the incompletely determined Boolean function 
f (4, ..., x )--is the product of certain of the variables x 
(possibly with negation) which do not contain simultaneously the variable and 
its negation and which is the simple implicant of at least one of the complete 
determinations of f. 

. .., x 
n 1’ n 
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